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POLYMERIC POLISHING PAD HAVING 
5 PHOTOLITHOGRAPHICALLY INDUCED SURFACE PATTERN(S) 

AND METHODS RELATING THERETO 

This application claims the benefit of U.S. Provisional Application 
No. 60/034,492 filed January 13, 1997. 

IG 

BACKGROUND OF THE INVENTION 

Field of the Invention. . 

The present invention relates generally to high performance polishing 
15 pads useful in chemical-mechanical poUshing ("CMP"); CMP is often used 
in the fabrication of semiconductor devices and the like. More specifically, 
the present invention is directed to an innovative method of manufacturing 
such pads using photo-curing polymers and photolithography, 

20 Discussion of the Prior Art . 

Broadly speaking, photolithography is known. Similarly, CMP 
processes are also generally known. Prior to the present invention however, 
it was not known how (or even if it were possible) to combine these nvo 
technical fields in a practical way to provide high performance polishing 

15 pads useful in CMP processes. 



SUMMARY OF THE INVENTION 

30 The present invention is directed to a method of manufacturing 

polishing pads useful in chemical-mechanical polishing ("CMP"), 
particularly CMP processes for planarizing silicon wafers or other 
substrates used in the manufacture of integrated circuit chips or the like. 
The pads of the present invention are particularly useful in the planarization 

35 of metals, panicularly tungsten, copper, and aluminum. 

The photolithography techniques of the present invention enables the 
creation of useful surface patterns upon materials of such softness that a 
surface pattem would not otherwise be possible, using conventional 
40 mechanical surface etching, machining or similar-type conventional 
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techniques. As a result, a whole class of high performance CMP pads are 
now possible for the first time on a commercial scale. 

Furthermore, the lithographically induced pattems of the present 
invention can be more complex and better suited to particular applications 
than would otherwise be possible, using conventional mechanical surtace 
etching, machining or similar-type conventional techniques; o^^e again 
therefore, certain types of high performance pads are now ^^J^" Se 
possible on a commercial scale. The present invention enables the reliable, 
inexpensive manufacture of high performance pads which are capable of 
meeting the leading edge requirements of the semiconductor industry as it 
advances at an extraordinary rate. 

Furthermore, since the design of the surface pattern can be readily 
chancred in accordance with the methods of the present mvention, this 
invemion is particularly well suited to low volume production ot 
customized pattems relative to conventional molding techniques^ Pad 
design can be optimized for specific integrated circmt designs Hence the 
present invention provides advantages over the prior art m modifymgand 
customizing polishing pad designs, particularly on a prototypmg or other 
similar-type low volume production. 

The preferred processes of the present invention begin with a liquid 
precursor comprising a photoinitiator and a photo-polymenzable 
prepolvmer or oligomer. The amount of photo-polymenzable prepolyme 
or oligomer (in the liquid precursor) is preferably at least about 10 weight 
percent, more preferably at least about 25 weight percent yet more 
preferably at least about 50 weight percent and most preferably at least 
about 70 weight percent. 

Preferably, the photo-polymerizableprepolymer or oligomer 
comprises a poKiner backbone having photoreactive groups, such as (and 
preferably) an acrvlic or methacrylic (or a substitute derivative of an acrylic 
or methacry lic) functionality in an amount between 1 to 30 weight percent, 

i more preferably between about 5 and 20 weight percent and yet more 
preferably about 7 to about 1 5 weight percent. Preferably the photo- 
nolymerizable prepolymer or oligomer further comprises between 15 and 65 
vveiaht percent (vet more preferably between 20 and 50 weight percent and 
mos't preferably between 25 and 45 weight percent) of a hydrophilic moiety. 

3 The preferred hvdrophilic moiety is at least one member of the group 
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consisting of sulphone, ester, ether, urethane, amide, hydroxyl, aciyl 
methacryl and carboxyl. Preferred photo-polymerizable prepolymer'or 
oligomer include acrylic or methacrylic fiinctionalized: alkyl urethanes, 
polyether urethanes, polyester urethanes, polyester-ether urethanes and'the 
5 like. 

In an alternative embodiment of the present invention, some or all of 
the acrylic or methacrylic functionahty of the photo-polymerizable 
prepolymer or oligomer is replaced with a vinyl or ethylenically unsaturated 
10 moiety. 



Depending upon the particular photoreactive moiety or moieties 
selected in any particular embodiment of the present invention, photocuring 
may be possible using ultraviolet, microwave, x-ray, infra-red (or other 
15 portion of the visible spectrum), electron beam radiation or the like. 

The photoinitiator can be any composition capable of producing free 
radicals upon exposure to the type of electromagnetic radiation (preferably 
ultraviolet light) used in the photopolymerization described below. Useful 

20 such photoinitiators include benzoin; alpha-hydroxymethyl benzoin; 2 2- 
diethoxyacetophenone; haloalkylbenzophenones; alpha, alpha, alpha- ' 
trichloroacetophenone; ketosulfides; 2-alkoxy-l,3-diphenyl-I,3- 
propanediene; alkyl benzoin ethers; alpha, alpha- 
dimethox>phenylacetophenone; I-phenyl-l,2-propanedione-2,0-benzyl- 

25 oxime; S,S '-diphenylthiocarbonate and the like. 

The liquid precursor is preferably unfilled, but can include up to 40 
weight percent of other additives and fillers, such as, waxes, dyes, inert 
ultraviolet absorbers, polymer fillers, particulate fillers and the like. In an 

30 altemanve embodiment, the liquid precursor comprises about 1 to 25 weight 
percent paniculate filler, wherein the average size of the particulate is in the 
range of about 1 to about 1000 nanometers, more preferably between about 
10 and 100 nanometers; examples of such particulate fillers include 
alumina, silica and derivations of silica, hollow organic micro-balloons, 

15 hollow micro-beads of glass or similar-type inorganic material, and the 'like. 

In the method of the present invention, the precursor is caused to flow 
onto a photodish, filling the photodish with the liquid precursor to a height 
of bet^veen 0.5 and 5 millimeters, more preferably from about I to about 2 5 
0 millimeters: by controlling the thicioiess of the final pad, it is possible to 
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control or balance properties, such as stif&iess, resiliency and the hke. 
"Photodish" is hereby defined as any container or support being transparent 
to photo-curing radiation (allowing transmission of at least 50% of incident 
photo-curing radiation) with respect to at least 85% of the portion of the 
photodish which surrounds the precursor and is of a configuration suitable 
for forming a CMP pad. CMP pads come in a large variety of shapes and 
sizes; they can be circular, oval, belts, rolls, ribbons or of virtually any 
shape and can have a surface area of a few square centimeters to many 
thousands of square centimeters. Preferably, the unstressed shape of the pad 
is substantially flat or planar, although non-flat or non-planar pads may be 
suitable for cenain specialized applications. 

The precursor is. applied to the photodish by curtain coating, doctor 
blading, spin coating, screen printing, ink jet printing or any similar-type 
conventional or non-conventional coating technique. 

The term "photomask" is intended to mean any material having 
varying or non-uniform barrier properties to ultra-violet light or other 
electromaanetic radiation used to photopolymerize the precursor. A 
preferred photomask material comprises an electromagnetic barrier raatenal 
having a design which perforates (or is cut out of) the matenal. Upon 
application of electromagnetic radiation on one side of the photomask, a 
pattem of electromaenetic radiation is emitted from the opposite side of the 
photomask. The emitted panem preferably comprises "shadow portions 
(havincT virtually no electromagnetic radiation) and electromagnetic 
radiation portions; together the two portions can fonn an mtncate pattem of 
electromagnetic radiation. 

The photomask is applied over at least one surface of the liquid 
precursor and photo-curing (electromagnetic) radiation is apphed to the 
photomask, therebv causing a pattem of electromagnetic radiation to be 
applied to the surface of the precursor. The photomask allows selective 
curina of the liquid precursor photoreactive moienes due to beams of 
electromasnetic radiation which penetrates through only a portion of the 
photomask. The resulting pattern of electromagnetic radiation which pass 
through the photomask, creates a pattem upon the surface of the precursor 
by solidifving onlv that portion of the pad which is in the pathway of the 
pattem of electromagnetic radiation. In this way, the pattem ot the 
photomask is applied to the surface of the precursor matenal. 
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In one embodiment of the present invention, multiple imaging is 
used, so that multiple depths can be obtained. Furtheraiore, multiphased 
compositions or multiple layers of different photo-reactive compositions 
can be used to provide composite structures. 

5 

Further photo-curing radiation can be used to cause 
photopolymerization of the precursor on the opposite (non-patteraed) 
surface of the precursor. Such photo-curing on both sides of the precursor 
allows control of the depth of the pattern. Ultimately, the precursor is fully 
10 solidified by the photo-curing radiation and defines a pattern on a surface, 
due to the photo-curing pattern emitted through the photomask. 

The patterned surface is solidified by photo-curing radiation only 
where electromagnetic radiation is able to penetrate through the photomask. 

15 The shadow portion of the pattern contains virtually no electromagnetic 
radiation, and the surface portion upon which the shadow is cast is not 
soUdified, i.e., is not cured or photopolymerized by the electromagnetic 
radiation. The non-photopolymerized portion of the surface remains liquid 
and is preferably washed away in a second step by a liquid carrier capable 

20 of pulling the unpolymerized precursor away from the photopolymerized 
portion, thereby resulting in a solidified pad having a pattemed surface. 

The three dimensional pattern can be any configuration, such as a 
divot, groove, hole, cube, cone, or any other geometric configuration. 

25 Preferably the average depth of the pattern is anywhere between about 25 
microns and the entire depth of the pad, i.e., the pad can comprise holes or 
channels which extend through the entire pad. Also, the spacing between 
such geometric configurations is preferably in the range of about 0.5 to 5 
millimeters. In one embodiment, the three dimensional pattern defines a 

30 series of labyrinthine pathways extending from a middle portion of the pad 
to a outer portion along the circumference of the pad. 

Optionally, a backing is placed onto the back (non-pattemed) surface 
of the pad. The backing can provide dimensional integrity. Additional 
35 layers may be incorporated with or without the backing to provide 

stiffening, compressibility, elasticity or the like. The flexible backing is 
preferably elastomeric, such as an elastomeric urethane foam or the like. 

In an alternative embodiment of the present invention, a photomask is 
40 unnecessary, because the photo-curing radiation is provided in the form of 
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one or more lasers and/or electron beams wWch can be 
Tto cause a pattern of radiation to be placed upon a surface of the photo- 
^ng precursor. The resulting pattern of radiation wdl then cause photo- 
curing in accordance with such pattera 
^ In vet another alternative embodiment ofthe present invention, the 

precur^or'Sa^STs a solid, and the photo-reactivity of^^J~^'-^^ 
fhe solid precursor material to degrade when sufficiently contacted mfli 
eSmagrienc radiation. In this way. the portion ofthe P™ 
0 contacted by the electromagnetic radiation is removed from the precursor to 
thereby create a surface pattern. 

In a more preferred embodiment, the precursor comprises at least a 
niajority aTunt'by weight of a polyurethane pre-polymer or oligomer. 

In another embodiment, the photo-curing is accomplished from above 
the precursor, and photo-curing radiation from below is umiecessa^^ 
Conseau^nS in such an embodiment, any support substrate would be 
appro^^^^^^ 
20 photodish. 

In another embodiment, the ratio of surface area of the pad after the 
creation oT'he three dimensional pattern divided by the surface area ofthe 
paTp^to c^^^^^^ ofthe three dimensional pattern is m the range of 1.1 to 

25 50. 

in other embodiments, the modulus ofthe final pad ^ave a rang^^^ 
of about 1 to 200 MegaPascals, a surface energy m the range of about 3 5oO 
illWelns per mefer and will swell by less than 2% when immersed m 
30 20 degree Centigrade water for 24 hours. 

The pads ofthe present invention can be used ^"^ 
polishing a substrate comprising silicon, silicon dioxide, metal or 
combtaLtions tiiereof Preferred substrates are those used m the 
. rn^Se of integrated circuit chips and the like, - in tile 
' " Dlanarization of silicon wafers and the polishing or plananzation of 

fnsS drcuit chip layers of silicon, silicon diox.de or metal embedded 
n iton anA'or silicon dioxide. Preferred metals for polishing (using the 
pads of the present invention) include aluminum, copper and timgsten. 
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«,hc P'^^^"^ invention is preferably placed in contact with the 

Preferably, the sluny forms a film between the pad and substrate as the oad 

s pohshed. the sluny flows through the pathways of the pad and out of the 
system as new sluny is pumped into the system. ana out ot the 

The methods of the present invention are particularly advantageous 
for pohshmg applications requiring pads of a ve^ low moLluI sS 
n^tena (havmg a 40 Shore D hkdness or less), because such a p^L 
generally too soft for machining a pattern onto the surface of the pad 
Furthennore. certain patterns available with the lithographic techniques of 
ttSr P°^^ible with conventiofalLcLS^^^^^ 

d^^or^- .T'' "^'^^^^ P^^^^t '°^«"tion allow for a whole 

class of mtncately patterned pads which were not possible ..-ith 
conventional machining technology. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIGURE 1 is a perspective representation of electromagnetic 
radianon penetrating a photomask and thereby causing a phot^polymerized 
pattern upon a precursor material in accordance with the present in^tion 

FIGURE 2 is a cross-sectional view of a pad surface configuration 
manufactured in accordance with the present invention. 

presenSon.' ' """"'^'^ '''' -^^^ 



30 



FIGURE 5 illustrates a preferred method of the 



present invention. 



40 



DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT(S) 

m.rJl! ' ^''^'■'''^ embodiment, liquid photopolymerizable precursor 
matenal compnsmg acrylic or methaciylic photopolymerizable 
polyurethane was obtained from MacDemiid Imaging Technology Inc 
under the commercial designation of R260. A photomask was pS^e a "the 
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bottom of a photodish, the photomask being a convenUonal, con^erciaHy 
available photomask having a ultraviolet light permeable (polyester) film 
which supports a pattern of an ultraviolet light impermeable silver halide 
material. A 12 micron thick polypropylene film is placed over the 
; photomask to protect it from contamination by the precursor matenal. 

The precursor material was poured into a photodish container (over 
the photomask and polypropylene film) until an overall thickness of about 
1.25 millimeters was obtained; the thickness was umform to a tolerance ot 
) about plus or minus 25 microns. 

Ultraviolet light was applied to the precursor materia, through tiie 
photomask. The ultraviolet light source P^^d^'? '^^^^^^ ^"^ 

Lliwatts per square centimeter and a wavelength of about 300 to 400 

5 nanometers. A^lai'-type ultraviolet light source was th^^^^^^^ 

above the surface of the precursor matenal, thereby causmg P^^tocimng of 
the top (non-pattemed) side of the precursor matenal. E'^P<^^"^^J^f^^°Tf 
■upper and lower ultraviolet Hght source was about 20-30 seconds from Ae 
top anrabom 15 seconds from the bottom. The precursor matenal was then 

>o rinsed in a washing solution also supplied by MacDemiid Imaging 

Te S loev, Inc. 0^7300). After about ten minutes, the matenal was agam 
exposed to ultraviolet radiation, but this time no photomask was used 
Thereafter, the solidified material was dried at about 36 degrees Centigrade. 
The resulting pad had the following physical properties: 

1. overall thickness: 1.3 mm; 

2. groove depth: 0.4 mm; 

3. groove width: 0.25 mm; 

4. land (top ofthe grooves) width: 0.50 mm; 

6. 'h^Lss: 4r;Shore^ by ASTM ^2240-9^ (Standani Test 
Method for Rubber Property-Durometer hardness , Published Feb. 
1992; 

7. modulus: 120 MPa; and 
33 8. densit>': 1.2 g/cc. 

These pads were used to polish aluminum films deposited on 
semiconductor wafers. The pads were conditioned prior to use using 
industry standard procedures. Polishing was earned out using a Wes tech 
.0 37^u7olisher using typical conditions known to those skilled m the art of 
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polishing. The pad was used in conjunction with an alumina based slurry 
developed by Rodel, Inc. 

The pads removed aluminum at a rate greater than 5000A/min. with 
5 better than 5% non-uniformity across the wafer. The pad has a significantly 
higher removal rate than competitive pads (3000A/min) and has the further 
advantages of producing polished wafers having improved planarity, 
smoother surfaces and lower defects. 

10 An illustration of the photo-polymerization and photolithography 
process of the present invention is shown generally at 10 in Figure 1. The 
photodish 12 supports the precursor material 14. A protective 
polypropylene sheet 16 lies under the precursor material 14 and between the 
precursor and a photomask 1 8. A first ultraviolet light source 20 applies 

11 ultraviolet light through the photomask 1 8, providing a pattem of ultraviolet 
light upon the precursor 14, whereby the ultraviolet light passes through the 
photomask only at transmission openings 22, A second ultraviolet light 
source 26 applies ultraviolet light upon the opposite surface 24 of the 
precursor material. 

20 

Figure 2 illustrates a surface pattern which can be advantageously 
created pursuant to the present invention. The variation in groove depth can 
be accomplished by multiple photo-imaging. Furthermore, multiple layers 
are possible, so that the hardness or other physical characteristic at a top 
25 portion of a groove could be designed to be different fi-om a bottom portion 
ot a groove. 

In an alternative embodiment, illustrated in Figures 3 and 4, two 
different reactive base polymers 30 and 40 having different properties are 

30 used to coat a substrate 50 to create a surface layer having a gradient of 
properties. Substrate 50 and reactive coating 40 have equivalent low 
hardness \^ hile coating 30 has a higher hardness. To produce the final 
device, coatings of each material in turn are formed and reacted as described 
above. This produces a fully reacted intermediate layer on top of which is 

35 applied the next layer in the desired sequence. Thus in Figure 3, the coating 
materials are combined to give a simple hard top coat over two softer 
underlayers. In Figure 4, multiple layers are altemated to give a step 
approximation to a hardness gradient in the surface. 
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leaving the remainder 62 of the layer m an unreacted form. 
exposure, the article is washed in an appropnate solvent to remote the 
unpollJ^irized portion of the surface layer to produce a senes of flow 
channels in the final surface. 

The oresent invention is not intended to be limited by any of the 
embodS^Sescribed above, but rather, is intended to be hmited only by 
the claims provided below. 
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WHAT IS CLAIMED IS: 



5 



1 . A method of manufacturing a polishing pad comprising: 



flowing a Uquid precursor onto a substrate and filling the substrate 
with the liquid precursor to a height of between 0.5 and 5 millimeters, the 
liquid precursor comprising a photoinitiator and a photo-polymerizable 

10 prepolymer or oligomer, the prepolymer or oligomer having a polymer 
backbone, said backbone having between 1 to 30 weight percent 
photoreactive functionality and between 15 and 65 weight percent of a 
hydrophilic moiety, the hydrophilic moiety being at least one member of 
the group consisting of ester, ether, urethane, amide, hydroxyl, acryl, 

15 methacryl and carboxyl; 

applying a photomask along at least one surface of the liquid 
precursor and curing the liquid precursor photoreactive moieties, using a 
beam of electromagnetic radiation which penetrates through only a portion 
20 of the photomask to cause a major portion of the precursor to solidify into a 
flexible pad having a surface pattern, a minor portion of the precursor 
remaining unsolidified due to the photomask acting as a barrier to 
electromagnetic radiation penetration, and 

25 removing at least a portion of an unsolidified precursor to provide a 

three dimensional partem on a fi-ont surface of the pad, wherein the ratio of 
surface area of the pad after the creation of the three dimensional pattern 
divided by the surface area of the pad prior to creation of the three 
dimensional pattern is in the range of 1.1-50. 



2. A method in accordance with Claim 1 further comprising the step 
of bonding a backing onto a back surface of the pad. 

3. A method in accordance with Claim I, wherein the photoreactive 
35 functionality is an acrv'l or methacryl moiety or a derivative thereof and the 

substrate is a photodish. 

4. A method in accordance with Claim 3, wherein the precursor 
comprises at least a majority amount by weight of a polyurethane pre- 

40 polymer or oligomer. 
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5. A method in accordance with Claim 1, wherein the photoreactive 
functionality is a vinyl moiety. 

6. A method in accordance with Claim 1 wherein the modulus of the 
resulting pad is in the range of 1-200 MegaPascal. 

7 A method in accordance with Claim 1 wherem the pad defines a 
surface energy in the range of about 35 to 50 milUNetwtons per meter. 

8 A method in accordance with Claim 1 wherein the pad will swell 
by less than 2% when immersed in 20 degree Centigrade water for 24 hours. 

9 A method in accordance with Claim I fiirther comprising the step 
of mixing a particulate into the precursor prior to photo-polymenzation. 

10. A method of polishing a substrate comprising a silicon, silicon 
dioxide,.metal or combinations thereof: 

applying a photomask to at least one surface of a liquid precursor 
having photoreactive moieties and curing the liquid preci^sor photoreactive 
moietks, using a beam of electromagnetic radiation which Penetrates 
throu<»h onlv a portion of the photomask to cause a major portion of the 
precursor to solidify into a flexible pad having a surface pattern, a minor 
TonTon of the precursor remaining unsolidified due to the photomask acting 
as a barrier to electromagnetic radiation penetration, 

removing at least a portion of an unsolidified preci^sor to provide a 
three dimensional pattem on a front surface of the pad, wherem the ratio of 
surface area of the pad after the creation of the three dimensional pattem 
divided by the surface area of the pad prior to creation of the three 
dimensional pattem is in the range of 1.1-50; 

placing the pad in contact with a substrate, said substrate haying a 
surface comprising a member of the group consisting of silicon, silicon 
dioxide, copper, tungsten, aluminum or a combination thereof; 

pumping a water based particulate slurty into contact with the pad; 

and 
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forcing the slurry between the pad and substrate as the pad is moved 
over the substrate, the slurry flowing through a pathway of the three 
dimensional pattern of the pad which lies in a close proximity to the 
substrate. 

5 

1 1 . A method in accordance with Claim 3 wherein the substrate is a 
precursor to a integrated circuit chip and further comprises aluminum or 
copper. 

10 1 2. A product in accordance with the method of Claim 1 . 

13. A product in accordance with the method of Claim 10. 

14. A method of manufacturing a polishing pad comprising: 

15 

flowing a liquid precursor onto a photodish and filling the photodish 
with the liquid precursor to a height of between 0.5 and 5 millimeters, the 
photodish being transparent to ultraviolet light, the liquid precursor 
comprising a photoinitiator and a photo-polymerizable prepolymer or 

20 oligomer, the prepolymer or oligomer having a polymer backbone, said 
backbone having between 1 to 30 weight percent photoreactive 
functionality and between 15 and 65 weight percent of a hydrophilic 
moiety, the hydrophilic moiety being at least one member of the group 
consisting of ester, ether, urethane, amide, hydroxyl, acr>'I, methacryl and 

25 carboxyl; 

applying a laser beam induced pattern of electromagnetic radiation to 
at least one surface of the liquid precursor and thereby curing the liquid 
precursor photoreactive moieties to create a pattern upon the precursor 
30 material. 

15. A method of manufacturing a polishing pad comprising: 
supporting a solid precursor material having photoreactive moieties; 

35 

applying a photomask along at least one surface of the precursor 
material and creating a pattern on the precursor material, using a beam of 
electromagnetic radiation which penetrates through only a portion of the 
photomask to cause a pattern of electromagnetic radiation to contact the 
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precursor material, causing the material to degrade at locations contacted by 
the electromagnetic radiation; and 

removing the degraded portions of the precursor material to provide a 
three jrensional pattern on the material, wherein the ratio of surface area 
of the material after the creation of the three dimensional partem divided by 
the sLTace area of the material prior to creation of the three dimensional 
partem is in the range of 1.1-50. 

16 A method of manufaciuring a polishing pad in accordance with 
Claim 1, "further comprising a second photo-imaging step to P«^J«i^^ 
second partem upon the pad surface, the second partem havmg a depth 
which is different than that of the first partem. 
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